Chlorella pyrenoidosa was grown in a continuous-flow chemostat under nitrogen-limited conditions. The population density tended to oscillate very significantly. Net 
it is unlikely that the value is greater than 14 Ag per liter or 1 puM nitrate.
The dry weight production of cells per unit of nitrogen taken up is a linearly decreasing function of the net specific growth rate with a maximum of 27.1 mg per mg N and a minimum of about 9 mg per mg N. Thus there is considerable storage of nitrogen at high growth rates. Both the dark respiration rate and the rate of photosynthesis at light saturation increase with increasing net specific growth rate.
Recent concern with eutrophication has caused renewed interest in the determination of minimal nutrient concentrations required for algal growth. One approach is to determine the net specific growth rate as a function of concentration of the limiting nutrient. In the research reported here, net specific growth rate and nitrate concentration were measured using a continuous-flow culture chamber (chemostat). The mass of cells produced per unit of nitrogen absorbed was also determined. This yield coefficient should be maximal when nitrogen is limiting at low flow rates (low growth rates) and should remain constant or decline as light becomes limiting at high flow rates (high growth rates). The experiments were designed such that nitrogen was limiting at low flow rates and light became limiting at high flow rates.
MATERIALS AND METHODS
Chlorella pyrenoidosa (211-8b) obtained from the Indiana Culture Collection (No. 251) was grown in an 1800-ml waterjacketed cylindrical vessel 65 mm i.d. by 54 cm to the overflow tube thermostated at 25 C. The chemostat chamber was illuminated continuously by two 40-w cool white fluorescent lamps providing an average incident intensity of 260 ft-c or 5400 ergs cm-2 sec-' in the visible region after subtracting the infrared transmitted by a Corning 2540 glass filter. Increasing the light intensity tended to reduce the net growth rate of the nitrogen-limited cells.
The chamber was stirred vigorously by a magnetic stirrer, ' This research was supported by National Science Foundation Grant GB-31466. and humidified 5% CO2 plus air was bubbled into the chamber near the bottom through a capillary tube at 130 ml min-1.
The growth medium was quarter-strength Knops, pH 6, with A-5 micro nutrients and iron (1, 2, 9, 12 A 55-ml sample was taken directly from the chamber 12 cm below the overflow outlet each day for determination of cell density and nitrate concentration. The sample was immediately filtered through a tared 0.8 ,um Millipore filter (type AA). The filter was dried at 80 C for 24 hr and reweighed. This weight increase was corrected for weight loss of the filter upon washing with 55 ml of medium (about 1% of tare) and recorded as cell dry weight.
The filtrate was placed in a 125-ml Erlenmeyer flask, capped and placed in the refrigerator for determination of nitrate using the Mullin-Riley method (8) .
RESULTS AND DISCUSSION
The results of 17 chemostat runs are summarized in Table   I . The following notation is used throughout: F = flow rate, 1/day; V = chemostat volume = 1800 ml; 0 = residence time = V/F, days; ,u = net specific growth rate = 1/0, day-1; X = dry weight of cells per liter, mg/l; SO = nitrate concentration in medium = 41.9 mg N/l; S = nitrate concentration in chamber, mg N/l; Y = mg cells produced/mg N uptake = X/(S0-S); N = length of run, days.
The chemostat was generally very unstable. The degree of instability is indicated by the fact that Table I reports measurements for 146 out of 538 days of operation. Much of the unreported time was spent in periods of oscillation of more than 50% in cell density. The stability might have been increased by reducing SO at the expense of reduced cell density. Of the 17 runs reported, only 9 exceed three times the hydraulic residence time,N> 30.
In addition to the unexplained tendency to oscillate, the major difficulties were equipment failure and variation in measurement of the substrate concentration in the chamber, S. The coefficients of variation (standard deviation x 100 divided by the mean) for measured parameters in Table I The maximum specific growth rate for C. pyrenoidasa at light saturation in 4% CO2 is about 2.1 (10, 11, 13, 14) . From Phillips and Myers (14) , at 5400 ergs cm-2 sec-1 one expects a /I of about 0.8 day-' compared to the 0.79 from Figure 1 . Epply et al. (6) (Fig. 1) . The maximal specific growth rate at light saturation is 2.1 day-' (10, 11, 13, 14) . If the light intensity were increased to saturate photosynthesis as the flow rate was increased, the yield (Fig. 2) Aliquots from the chemostat were taken during steady state growth for determination of respiratory and maximum photosynthetic rates. The results are presented in Table II . The sample was left in the concentration electrode chamber in the dark 10 min to establish the initial 02 concentration and the dark respiration rate. The sample was then exposed to white light from a ribbon filament tungsten lamp directed through a water cell to absorb infrared. To establish saturation, the intensity was cut in half by a neutral density filter. Zero 02 was then established by adding glucose plus glucose oxidase.
The sample was initially saturated, or slightly super saturated, with 02 (column 5, Table II ). The dark respiration rate increased with increasing growth rate. The values in column 6 are greater than the -3.8 ,umole g-' min-' reported for Chlorella by Cramer and Myers (5) .
The maximum photosynthetic rates reported for C. pyrenoidosa range from 90 to 120 ,/moles 02 g-' min-' (5, 13, 14) .
The values in Table II are lower due to long term growth of nitrogen-deficient cells in the chemostat at low light intensities )WTH OF CHLORELLA 225
(less than 260 ft-c or 5400 ergs cm2 sec-'). In general, a higher net specific growth rate corresponds to higher respiratory and maximum photosynthetic rates.
